An aerobic, polarly flagellated marine bacterium that produces a prodigiosinlike pigment was isolated from the red-spotted culture beds of Laminaria japonica. Five isolates had unique bacteriolytic activity for both Gram-positive and -negative bacteria, which had never been observed among Alteromonas or related species. The isolates were identified as the causative agent of red spot disease of L. japonica seeds. The phenotypic features of the isolates were similar to these of Pseudoalteromonas rubra ATCC 29570T, but they could be differentiated using 10 traits (growth at 37 "C, requirement for organic growth factors, bacteriolytic activity, utilization of sucrose, N-acetylglucosamine, fumarate, succinate, D-galactose, L-proline and acetate). The G+C content of DNAs from the isolates was 4 4 4 6 mol0/o. The isolates constitute a new species, distinct from the other A/teromonas and Pseudoalteromonas species, as shown by DNA-DNA hybridization experiments and phylogenetic clustering of 165 rRNA gene sequences, for which the name Pseudoalteromonas bacteriolytica sp. nov. (type strain = IAM 145953 is proposed. A set o f phenotypic features which differentiate this new species from closely related Pseudoalteromonas and Akeromonas species is provided.
INTRODUCTION
In 1984, a bacterium producing a prodigiosin-like red pigment was isolated from red-spotted culture beds of Laminaria japonica (7). The bacterium was an aerobic, polarly flagellated marine bacterium, and it was suggested that the bacteria could be assigned to the genus Alteromonas (7). In addition, the bacterium showed a broad spectrum of bacteriolytic activity. Presently, at least six bacteriolytic substances, including bacteriolytic enzymes, have been detected in culture supernatants and cell-bound fractions (1 9, 20) . An ecological function of this bacteriolytic activity has been proposed, which would allow maintenance of the bacterial population in oligotrophic aquatic environments (21).
The DDBJ/GenBank/EMBL accession number for the sequence of Pseudoalteromonas bacteriolytica (IAM 145953 is D89929.
Originally consisting of four species, the genus Alteromonas included Gram-negative, aerobic, non-pigmented, polarly flagellated species of marine bacteria, which differed from the genus Pseudomonas by a lower G + C content (1, 2) . Recently, following phylogenetic analyses of 16s rDNA sequences, the genus was divided into two new genera, the emended genus Alteromonas and the new genus Pseudoalteromonas. Now, at least 14 species, most of which were previously Alteromonas species, are included in the genus Pseudoalteromonas, and the emended genus Alteromonas is restricted to a single species, Alteromonas macleodii, with two subspecies (8, 15). Bacteriolytic Pseudoalteromonas or Alteromonas strains have never been described previously. The precise taxonomic position of the aforementioned bacteriolytic bacterium therefore remains uncertain. In this study, DNA-DNA hybridizations, phenotypic characterization and phylogenetic analyses were performed to clarify the taxonomic assignment of the causative agent of red 
METHODS
Bacterial strains. Strains used in this study are listed in Table  1 . Five strains (No. 8R, E-1, E-2 and A3), including the type strain IAM 14595' had been isolated from red-spotted culture beds of L. japonica (7). These isolates of Pseudoalteromonas bacteriolytica were maintained on CSY-3 agar medium containing casitone (Difco) 1.0 g, Difco bactosoytone 1.0 g, Difco yeast extract 1.0 g, ferric ammonium citrate 0.1 g, and 1000 ml natural seawater, pH 7.5 (19) . The stock cultures were maintained in CSY-3 broth containing 20 % glycerol (v/v). All reference strains were maintained on ZoBell2216E agar medium (I 3). (14) and West et al. (22) . Bacteriolytic activity was determined by the formation of a clear zone on the plate using the CSY-3 agar medium including freeze-dried cells of Micrococcus luteus (Seikagaku Kogyo). This medium was prepared according to the methods of Yumoto et al. (20) . Briefly, 0.5 ml viable cell suspension of M . luteus (approx. lolo ml-l in natural seawater) was added to 2.5 ml melted agar (0-8 O h in natural seawater) at 45 "C. It was then poured onto a base of CSY-3 agar medium. After 5 d incubation, the formation of a clear zone around the spotted culture was determined.
Determination of G + C content and DNA-DNA hybridization.
DNA from bacterial strains was prepared by the procedures of Marmur (12) , with minor modification. G + C contents of DNA were determined according to the melting temperature (T,) of the DNA, DNA-DNA hybridization experiments were performed in microdilution wells using a fluorometric direct binding method (5) under conditions previously described by Sawabe et al. (17) . DNAs from Pseudoalteromonas bacteriolytica IAM 14595T and Pseudoalteromonas rubra ATCC 29570' were labelled with photobiotin (Vector Laboratories). The hybridization of the biotinylated DNA to immobilized DNAs was performed under optimal conditions following pre-hybridization, and then biotinylated DNA that hybridized to immobilized DNA was detected by a fluorimetric method after binding streptavidin-p-galactosidase to labelled DNA. 4-Methylumbelliferyl-~-~-galactopyranoside (6 x M; Wako) was added to each well as fluorogenic substrate for p-galactosidase prior to incubation at 30 "C. Fluorescence intensity of the well was then measured using the MicroFluoro reader (MTP-22 ; Corona Electric) at wavelengths of 360 nm for excitation and 450 nm for emission. DNA-DNA homology was calculated according to the method of Ezaki et al. (6) . Pseudoalteromonas bacteriolytica sp. nov. 81 %I *+ used in a PCR to amplify the small-subunit rRNA genes as previously described by Sawabe et al. (1 7) . PCR conditions were as follows; the initial denaturation step at 94 O C for 180 s, an annealing step at 55 "C for 60 s and an extension step at 72 "C for 90 s. The thermal profile then consisted of 30 cycles. The amplification primers used in this study gave a 1.5 kbp PCR product and corresponded to positions 25-1521 in the Escherichia coli sequence. The PCR products were purified by PEG 6000 and directly sequenced by using a Taq FS dye terminator sequencing kit (ABI) and the protocol recommended by the manufacturer. DNA sequencing was performed with an Applied Biosystems model 373A automated sequencer (1 7). Nine sequencing primers were used for sequencing (1 7).
Phylogenetic analysis. The sequences were aligned and studied using a set of programs developed by R. Christen. In all phylogenetic analyses, we used the sequences determined in this study and small-subunit rDNA sequences obtained from the EMBL database. For Fig. 1 
RESULTS AND DISCUSSION
The five strains isolated from red-spotted culture beds appeared as polarly flagellated, Gram-negative, nonfermentative rods ( Table 2 ). The bacterium required salt for its growth, did not accumulate poly-P-hydroxybutyrate and did not reduce nitrate (Table 2) . No peritrichous flagella were observed when the bacterium was cultivated on solid media. The G + C contents of the strains were 44-46 mol% ( Table 2) . Ten traits were different between these species: bacteriolytic activity, growth at 37 "C, requirement for organic growth factors, utilization of sucrose, N-acetylglucosamine, fumarate, succinate, Dgalactose, L-proline and acetate (Table 2) . Pseudoalteromonas denitrficans also produced prodigiosinlike pigment (3), but a significant number of bio-(2, 10).
Pseudoalteromonas denitrificans I X82 138
International Pseudoalteromonas bacteriolytica sp. nov. (Table 1) . There was no significant homology when Pseudoalteromonas rubra ATCC 29570T was photobiotinylated and hybridization was performed between Pseudoalteromonas rubra ATCC 29570T and IAM 14595T ( Table 1) . The 16s rDNA sequence of strain IAM 14595T was aligned by comparison to a database containing about 5000 already aligned eubacterial small-subunit rDNA sequences. The results of broad phylogenetic analyses clearly showed that the sequence which we studied belonged to the gamma subclass of the Proteobacteria (data not shown), and more precisely, to the gamma 3 subclass. More detailed analyses showed that it could be included in the Pseudoalteromonas genus, with which it formed a robust clade (and in agreement with phenotypic data) although it was the deepest branch of the genus Pseudoalteromonas (Fig. 1) . Homology levels for nucleotides of 16s rDNAs from Pseudoalteromonas bacteriolytica and closely related species were very low, ranging from 87-7 % (against gamma proteobacteriurn 225522) to 90.3 YO (against Pseudoalteromonas carrageenovora and Pseudoalteromonas espejiana). This finding was also revealed by the DNA-DNA homology results, in which IAM 14595T showed a very low level of relatedness with the other species of Pseudoalteromonas (Table 1) . It was also separated from Alteromonas macleodii subsp. macleodii (Fig. I ) . From the results of the DNA-DNA hybridization (Table 1) and 16s rRNA ( Fig. 1) Table 2 ). The G + C content of the DNA is 4 4 4 6 mol %. The type strain is IAM 14595T (Table 1 ).
